A prospective study was conducted in 38 patients with nodular lesions on plain chest radiographs and the clinical suspicion of invasive pulmonary aspergillosis (IPA) to assess the diagnostic accuracy of magnetic resonance imaging (MRI) and computed tomography (CT 
A prospective study was conducted in 38 patients with nodular lesions on plain chest radiographs and the clinical suspicion of invasive pulmonary aspergillosis (IPA) to assess the diagnostic accuracy of magnetic resonance imaging (MRI) and computed tomography (CT). For early diagnosis of IPA (clinical signs and symptoms <10 days), CT scans with demonstration of the halo sign had a high sensitivity (16/22) and specificity (8/8) . Magnetic resonance imaging performed at the same time revealed a relatively higher sensitivity (22/22) , but a very poor specificity (0/8). Gadolinium-diethylene-triamine-pentaacetic acid (Gd-DTPA) enhanced images did not improve specificity. In the later course of infection (clinical signs and symptoms >10 days), MRIs showed typical nodular target-like lesions with Gd-DTPA ennvasive pulmonary aspergillosis (IPA) has become an increasingly important cause of morbidity and mortality in myelosuppressed patients. IPA can occur in any severely immunocompromised or chronically debilitated host and is associated with fatality rates of 10 to 100 percent.1'2 By far, the major risk factor is prolonged granulocytopenia in patients undergoing intensive treatment for acute leukemia.1,3-5 Survival of these patients depends on early diagnosis and the institution of prompt therapeutic measures.6 However, the limitations of antemortem diagnosis of IPA are well known: sputum cultures are rarely positive in the early period of the diseasel'3 and serologic tests are unreliable.17 Bronchoalveolar lavage yields a high percentage of true-positives, but also a small incidence of false-positives, which may be improved by the assessment of fungal antigens.8 For these reasons, correct antemortem diagnosis of IPA is rarely established in early infection. Therefore, noninvasive methods are needed to substantiate the clinical suspicion of IPA to initiate early antifungal therapy.
The present study was undertaken in order to de-termine the diagnostic accuracy of computed tomography (CT) and magnetic resonance imaging (MRI) in the early and late stage of IPA.
METHODS
Between February 1990 and December 1992, 38 patients with the clinical suspicion of IPA were prospectively studied with CT and MRI. The clinical diagnosis of IPA was based on nodular lesions on plain chest radiographs and the clinical setting of fever, pneumonia, and granulocytopenia. There were 16 women and 22 men, ranging in age from 25 to 69 years (mean, 48 years). In 30 patients IPA was confirmed either histologically (n=20) and/or microbiologically (n= 19) . In eight patients, the diagnosis of Pseudomonas (n=6) and staphylococcal (n=2) pneumonia was established by microbiologic analyses.
For the purpose of this study, two groups were defined according to the stage of disease. A cutoff of 10 days was selected between early (<10 days) and late (>10 days) infection with Aspergillus species. This cutoff was determined on the basis of an increased risk for cavitation or progression of the disease. Group A comprised patients with nodular infiltrations that appeared on plain chest radiographs within 10 days after the onset of symptoms (fever, cough, dyspnea). This Table 1 .
Thirty-five of 38 patients had marked prolonged granulocytopenia at the time the fungal infection was diagnosed (0 to 800 cell units/mm3). Thirty-seven of 38 patients were finally treated with broad-spectrum antibiotics and antimycotic agents (10 itraconazole, 27 amphotericin B). Eleven patients died of fungal infection and 2 patients died of bacterial infection.
All radiographic abnormalities and their sequential changes were assessed. A total of 483 pairs (anteroposterior and lateral projections) of chest radiographs (median, 12 pairs) were obtained in both study groups.
Fifty-three CT examinations were performed in 38 patients (38 initial and 15 follow-up CT studies). The CT scans were obtained with one of two scanners (Siemens DR-H or Siemens Somatom Plus S). Consecutive 8-mm-thick sections were obtained from the entire chest with additional 2-mm thin sections through any suspected fungal lesions. No contrast medium was administered. The CT images were viewed at lung (W, 1,200 HU; C, 800 HU) and mediastinal (W, 500 HU; C, 0 HU) windows.
Magnetic resonance imaging (38 initial and 15 follow-up studies) was performed with a 0.23 low field unit (Tomikon, Bruker, Karlsruhe, Germany). Conventional SE sequences were performed with electrocardiographic triggering for Ti-weighted (TR, 480 to 560 ms; TE, 20 ms) and T2-weighted images (TR, 2,700 to 3,150 ms; TE, 75 to 125 ms). Gadolinium-diethylenetriamine-pentaacetic acid (Gd-DTPA, Schering, Berlin, Germany) was administered intravenously (0.1 mmol/kg) in all cases and TI-weighted images were repeated. The whole chest was imaged; slice thickness was 8 mm, and intersection space was 4 Plain radiographs, CT scans, and MRI studies were randomly presented to three readers and independently evaluated for the presence or absence of signs of IPA. The readers did not know the results of surgery, pathologic study, culture, or the results of other imaging modalities at the time of interpretation. The final diagnosis was based on the microscopic and/or histopathologic results, and a comparison to the imaging findings was made in every case.
The MRI findings 1 to 8 days before surgical resection (n=8) or autopsy (n=11) were correlated with the pathologic findings.
This correlation could be done only in the late stage of infection.
RESULTS
Study Group A Nodular lesions on plain radiographs were the radiologic inclusion criteria for the study (Fig 1, top  left) and were present in all 30 patients. However, an air crescent sign that corresponds to a resolving pulmonary lesion with formation of a thin-walled cyst combined with the nodules was not observed in any case.
Computed tomographic studies revealed in 16 of 30 patients single or multiple nodular infiltrates with a halo sign that represents a zone surrounding a pulmonary nodule with an attenuation lower than that of the center of the infiltration (Fig 1, top right) . All these patients were later confirmed as having early IPA (16 of 22) . None of the patients with Pseudomonas or staphylococcal pneumonia showed this halo sign leading to a high specificity value (8 of 8). Nodular infiltrates with a hazy margin were not helpful for establishing the diagnosis of early IPA. Infiltrates with cavitation or air crescent sign were not present in patients with early disease.
Magnetic resonance imaging studies showed homogeneous nodular infiltrates with low/intermediate signal intensity on Ti-weighted and high on T2-weighted images (Fig 1, bottom left) Table 2 .
Study Group B Plain radiographic findings in the late course of infection were similar to the early stage with nodular infiltrates in 11 of 13 patients (Fig 2, top left ). An air crescent sign within a cavitation was present in two cases. Computed tomographic scans revealed nodular infiltrates with a halo sign (Fig 2, top right) CHEST / 106 / 4 / OCTOBER, 1994 1157 FIGURE 1. Early findings of invasive pulmonary aspergillosis. Top left, Nodular rounded infiltrates in the right and left lung on plain chest radiograph (arrows); top right, pulmonary CT shows nodules with halo in early IPA; bottom left, hyperintense lesions on T2-weighted (3,150/100) (arrows); and bottom right, on postcontrast TI-weighted images without rim enhancement (arrows). in 3 of 13 patients. In the late course of IPA, stabilization of the rounded infiltrates or even progression to larger consolidations was in 7 of 13 cases presenting themselves as nodular lesions with hazy margins.
In 11 of 13 patients with late IPA, the rounded lesions showed a target-like appearance with homogeneous intermediate signal intensity on Ti-weighted images. The target-like appearance was not reliably recognized on TI-weighted images. On postcontrast Ti-weighted images, there was marked enhancement of the rim ("target sign") (Fig 2, bottom left) and on T2-weighted images a higher signal intensity in the center combined with a comparatively lower signal intensity in the rim outlined a characteristic feature that we call a "reverse target" (Fig 2, bottom right) . Pseudomonas infections did not show the "target sign," but progressive healing of the rounded infiltrations with homogeneous low and homogeneous high signal intensity on T1-and T2-weighted images, respectively, was observed. Taking into account that the series of 15 patients in group B included only two true-negative cases (Pseudomonas infection), the values of specificity are limited by the small patient number.
In 2 of 13 patients, there was cavitation and an air crescent sign of the initially nodular homogeneous infiltration with demonstration of a "target" on postcontrast T1-and a "reverse target" on T2-weighted images.
The diagnostic accuracy of imaging findings for the diagnosis of late IPA is listed in Table 3 .
Magnetic resonance images could be correlated with histopathologic findings in 19 patients. The marked hyperintense areas on T2-weighted images represented older hemorrhage and hemorrhagic necrosis permeated by hyphae of Aspergillus; the high signal intensity of the rim represented fungus-induced infarction (Fig 2, bottom left) .
The nodular lesions progressing into cavitations with air crescent signs later on showed communication with the bronchial system. The high signal tissue corresponded to parenchymal necrosis caused by permeating hyphae of Aspergillus.
In immunocompromised patients, there may be many infectious causes of nodular lesions besides pulmonary aspergillosis, Staphylococcus, or Pseudomonas, but in our two study groups, a wider spectrum of organisms leading to nodular infectious infiltrations could not be detected.
DISCUSSION
The usefulness of conventional radiography, CT, and MRI in establishing the diagnosis of early fungal infections has been studied by several authors.9 '18 Conventional radiography in early IPA "uniformly" shows single or multiple nodular infiltrates in all patients.9"11 In the later course, there is stabilization in size and healing similar to a pulmonary infarction with the typical pattern of resolution fading from the periphery to form a linear scar related to the pleura or forming a thin-walled cyst with an air crescent sign. [12] [13] [14] The spectrum of CT findings and their contribution to the management of IPA was summarized by Kuhlmann et al:15-17 the halo sign is strongly suggestive of IPA in its early course. In our two study groups, a CT halo sign was found in 16 of 22 patients with early infection and in 3 of 13 in later stages. While the CT halo sign was characteristic for the early course of disease, a positive halo sign was not observed in any of our eight patients with bacterial pneumonia. A larger series with nodular infiltrates caused by organisms other than Aspergillus species should be studied to clarify the specificity of the halo CHEST / 106/4 / OCTOBER, 1994 1159 sign.
The CT findings in the later course of IPA correspond to those of conventional radiography: rounded infiltrations that resolve like a pulmonary infarction from the periphery to form a linear scar related to the pleura or a thin-walled cyst that shows an air crescent sign when communicating with the bronchial system.12-16 As demonstrated in two of our patients, there may be progression to larger consolidations indicating an unfavorable course of the infection.
Magnetic resonance imaging characteristics of IPA have been studied by Herold et al'8 in 11 patients with a total of 37 infiltrates. In this study, 34 nodules had a target-like appearance. The signal characteristic of the "target sign" consisted of a lower signal in the center compared with a higher signal intensity in the rim of a nodular infiltrate. With respect to age and signal appearance of the infiltrates, the authors concluded that nodular lesions with isointense rims on TI-weighted images and hyperintense rims on T2-weighted images were characteristic for lesions not older than 7 days. In our study, MRI features were nonspecific within the initial 10 days after the appearance of nodular infiltrates on plain radiographs showing no rim enhancement on T2-weighted images. Nevertheless, the "target sign" was observed in all 13 patients in the late course of the disease (>10 days). These target-like infiltrates on T2-weighted and on postcontrast Tl-weighted images were seen only after 10 or more days of infection in patients with fully developed or resolving IPA. A larger patients group, however, with nodules caused by other organisms other than Aspergillus, should be exam- Postcontrast enhancement of the rim of nodular infiltrates is possibly associated with peripheral inflammation and hyperemia. The fact that there was no increased signal intensity in the rim of the nodular infiltrates on T2-weighted images in the early course of infection may be due to a diffuse inflammatory reaction and hyperemia without Aspergillus-induced necrosis. This hypothesis is supported by the missing rim enhancement with Gd-DTPA in our 22 cases of early IPA (group A).
In conclusion, the demonstration of target-like nodular lesions on MRI is a typical, but by no means an early finding of IPA, as reported previously.18 The CT halo sign observed in patients with IPA is the most accurate sign for the early diagnosis of this fungal infection. Magnetic resonance imaging may be of diagnostic value in later stages of the disease and for the follow-up of nodular infiltrates of unknown etiology in immuncompromised patients. Considering the high mortality of patients with IPA, early institution of empiric therapy based on CT halo or MRI target sign as noninvasive imaging findings is advocated without confirming tissue diagnosis.
